In the attentional blink, a target event (T1) strongly interferes with perception of a 31 second target (T2) presented within a few hundred milliseconds. Concurrently, the brain's 32 electromagnetic response to the second target is suppressed, especially a late negative-33 positive EEG complex including the traditional P3 wave. An influential theory proposes 34 that conscious perception requires access to a distributed, frontoparietal global workspace, 35 explaining the attentional blink by strong mutual inhibition between concurrent workspace 36 representations. Often, however, the attentional blink is reduced or eliminated for targets in 37 different sensory modalities, suggesting a limit to such global inhibition. Using functional 38 magnetic resonance imaging, we confirm that visual and auditory targets produce similar, 39 distributed patterns of frontoparietal activity. In an attentional blink EEG/MEG design, 40 however, an auditory T1 and visual T2 are identified without mutual interference, with 41 largely preserved electromagnetic responses to T2. The results suggest parallel brain 42 responses to target events in different sensory modalities. 43 44 3 45 68 divided attention and concurrent awareness including the attentional blink. This proposal is 69 consistent with fMRI (e.g. Marois and Ivanoff 2005) and single-unit (Kadohisa et al. 2013; 70 4 Watanabe and Funahashi 2014) data linking diverse aspects of restricted attentional 71 capacity to competitive frontoparietal activity. 72 On this view, all targets should show mutual interference, irrespective of their nature 73 or origin. In this regard, an intriguing puzzle concerns targets in different sensory 74 modalities. Sometimes, in accord with the global workspace view, a blink occurs between 75 targets in different modalities (e.g. Soto-Faraco et al. 2002), especially if T1 requires a 76 speeded response (e.g. Jolicoeur 1999a; b), or if tasks for the two targets are very different, 77 calling for a large change of mental set between T1 and T2 (e.g. Arnell and Jolicoeur 1999; 78 Dell'Acqua et al. 2001). With unspeeded responses and similar T1/T2 tasks, however, many 79 studies show the blink to be greatly reduced or eliminated with targets in different modalties 80 Van der Burg et al. 2013; Van der Burg 82 et al. 2007). These results suggest that, if behavior requires access to a global neuronal 83 workspace, this workspace must be less limited than usually supposed. In line with well-84 known effects of task similarity in divided attention (Allport et al. 1972; Treisman and 85 Davies 1973), mutual inhibition within the global workspace may depend on similarity 86 between competing events. 87
Introduction 46 An enduring question is the neural basis for limits in divided attention, manifest in 47 impaired performance when processing simultaneous or closely successive events within the first channel as follows: letters appeared in both visual streams for 67 ms (4 141 frames), followed by a scrambled pattern mask lasting 83 ms (5 frames). A spoken letter of 142 duration 150 ms occurred simultaneously with the written letters. A 50 ms (3 frame) blank 143 screen then preceded the next set of letters. Stimuli in the second channel were presented 144 similarly, but offset by 100 ms to create maximum asynchrony between the channels. Each 145 stream consisted of 7 letters and lasted 1500 ms. There were 6 equally frequent trial types: 146 no-target (streams with neither T1 nor T2), T1-alone (streams with T1 but no T2), T2-alone, 147 and T1+T2 with stimulus onset asynchronies (SOAs) of 100, 300 or 700 ms between the two 148 targets. When T1 occurred, it was presented in the first channel 400 ms from the beginning 149 7 (third letter in the stream). When T2 occurred, it was presented on the second channel in 150 the third, fourth or sixth position, giving SOAs of 100, 300 or 700 ms in T1+T2 trials. Only 151 the third position was used for T2-alone trials. Participants had 2.5 seconds from the end of 152 the stream to respond before the task proceeded to the next trial. The order in which 153 responses had to be given was prompted by the program and corresponded to the target 154 presentation order: Participants were requested to respond first to T1 and then to T2, 155 reporting "P", "D" or "absent" using a button box. 156 Participants completed two sessions, one same-modality (T1 and T2 both auditory) 157 and one different-modality (T1 auditory, T2 visual). In the same-modality session, T1 158 appeared in the auditory stream of the first channel (e.g. Figure 1 , female voice), and T2 in 159 the auditory stream of the second channel (e.g. Figure 1 , male voice). In the different-160 modality session, T1 again appeared in the auditory stream of the first channel (e.g. Figure   161 1, female voice), while T2 appeared in one of the two visual streams in the second channel 162 (e.g. Figure 1 , vertical positions). Thus participants could focus attention just on streams 163 where targets were known to appear; no targets ever appeared in other streams. 164 Sessions were run consecutively in the scanner, with order counterbalanced across 165 participants. Each session contained four blocks, separated by 15 s of fixation. Within each 166 block, there were 16 repetitions of each of the 6 different trial types, presented in random 167 order. 168 Prior to the experiment, participants received a short practice. The practice was 169 organized in blocks of 16 trials each. The first block was a practice in performing the 170 discrimination task on T1. This block was repeated as necessary until the participant 171 reached at least 70% accuracy, at which point they moved onto the second phase of practice 172 which focussed on correct identification of T2. Again, participants continued until they 173 reached at least 70% accuracy. The last practice block consisted of a mixture of the 6 trial 174 types presented in the main experiment. x 240 x 192, voxel size = 1 mm × 1 mm × 1 mm). To record BOLD signal during the task, a 180 quiet EPI sequence was adopted (Peelle et al. 2010; Schmitter et al. 2008 targets (T1-alone or T2-alone) vs. no-target trials, and single visual targets (T2-alone) vs. 202 no-target trials, combining both sessions to maximise power. Further analyses directly 203 contrasted responses to auditory T2-alone vs. responses to visual T2-alone, and tested for a 204 significant response to both auditory and visual T2 alone. These latter analyses defined 205 single-target responses using T2-alone trials vs no-target trials from their respective 206 sessions, so that the number of trials was balanced across auditory and visual modalities, and 207 the contrasts entering the conjunction analysis used independent data. In the EEG/MEG experiment, events were similar except that each stream consisted 212 of 12 letters and lasted 2700 ms; T1 if present was the fourth letter in the first channel, while 213 T2 was the fourth, fifth or seventh in the second channel (always fourth on T2 alone trials).
214
In this study we estimated separate electromagnetic responses to all targets, on both single-215 target (T1-alone or T2-alone) and T1+T2 trials. Stimuli were back-projected onto a screen 216 at a refresh rate of 60Hz, using a Panasonic DLP projector; letters had a visual angle of 217 approximately 0.84 degrees and were positioned 2.1 degrees from fixation. The background 218 was mid grey, with a small black central cross to mark the fixation point. Sound stimulation 219 was delivered at a comfortable volume using Etymotic ER3-14A air ear phones.
220
Each volunteer completed three sessions, two of them same-modality (both targets 221 auditory or both visual) and one different-modality (T1 auditory, T2 visual). The three 222 sessions took place on different days, separated by approximately seven days. Session order 223 was counterbalanced across participants. In each session, each trial type was repeated 80 224 times, totalling 480 trials which were split into 5 blocks of about 10 minutes each. Trial 225 types were randomly mixed. In this study, separate prompts at the end of each trial required 226 a two-alternative forced-choice response (D or P?) for each target presented; no response 227 10 was requested for targets not presented. The program proceeded once responses were 228 given. As in the fMRI study, participants completed a practice session before starting the 229 main experiment.
230
Recording and analysis procedure 231 Magnetic fields were measured using an Elekta Neuromag VectorView MEG system 232 (Stockholm/Helsinki). Participants were tested in a sound-and magnetically-shielded room 233 to prevent contamination from non-cerebral magnetic signals. Volunteers were seated, and 234 responded using a pair of MEG-compatible button boxes held in either hand.
235
Electromagnetic signals were sampled at 1 kHz, with a high-pass filter cut-off at 0.03 Hz.
236
The times of stimulus events and responses were recorded as impulses on a trigger channel.
237
At the beginning of each block, the position of the head relative to the MEG helmet 238 was measured using four or five "Head Position Indicator" (HPI) coils attached to the EEG 239 cap, whose positions had previously been localised relative to anatomical landmarks (nasion 240 and periauricular points) using a 3D digitiser (Fastrak Polhemus Inc., Colchester, VA). A 241 pair of electrodes was positioned above and below the left eye to measure blinks and vertical 242 eye-movements; a pair of electrodes at the temples monitored horizontal eye-movements.
243
EEG was acquired concurrently to the MEG signal using an elastic cap from Elekta 244 Neuromag for the first 8 participants, and an elastic cap from Easy Cap for the last 10 245 participants. In both cases, 70 Ag/AgCl electrodes were mounted in the cap, including the 246 international 10-20 system sites plus 51 electrodes interspersed according to the 10-10 247 system. The reference electrode was placed on the tip of the nose. Impedance at each 248 electrode site was maintained lower than 5 KΩ.
249
An overview of the analysis strategy is given in Table 1 . Maxfilter 2.0 (Elekta 250 Neuromag, Helsinki) was initially used to preprocess the MEG data using "Signal Space were then concatenated for each participant.
275
For EEG, bad channels and epochs were identified and rejected by thresholding.
276
Epochs were rejected if the signal range exceeded 180 μV peak to peak. Channels were 277 marked as bad if more than 15% of epochs met these criteria. For both EEG and MEG,
278
further epochs were rejected if blinks were observed on the basis of large vertical EOG 279 signal, i.e. if mean or maximum signal magnitude over the interval 0-800 ms exceeded 280 criteria based on the signal distribution over the interval -100 to 0 ms across trials (5 SDs for 281 mean magnitude, 7 SDs for maximum). The percentage of trials rejected for EEG across 282 participants and sessions ranged between 0-24%, while for MEG it ranged between 0-19%.
283
EEG signal was analysed keeping the original reference used during the recordings.
284
ERP waveforms were computed by averaging epochs of each type. Difference waves were 285 then constructed to obtain isolated evoked responses to targets of interest: The 286 corresponding subtraction epochs from no-target trials were subtracted from T1-alone and 287 T2-alone epochs, while subtraction epochs from T1-alone trials were subtracted from T2 288 epochs on T1+T2 trials. These event-related difference waves were converted into 3D 289 spatiotemporal volumes by stacking their topographies along peristimulus time.
290
To analyse the EEG signal, we first defined components of interest (COIs) as regions 291 within the space-time volume that showed significant responses to targets (analogous to 292 functional regions of interest in fMRI Behavioral data from Experiment 1 are shown in Figure 2A . The presence of an 337 attentional blink was assessed by separate t-tests that compared the accuracy of T2 338 identification at each SOA with accuracy when T2 was presented without a preceding T1.
339
We found a strong attentional blink in the unimodal (auditory-auditory) session, with T2 340 discrimination significantly impaired at SOA 100 and then recovering as SOA increased 341 ( shown in Figure 2B . Activity was stronger for the auditory case, which had more data, but identification at each SOA with accuracy when T2 was presented without a preceding T1.
368
We found a strong attentional blink effect within the same modality, with T2 discrimination 
401
The extracted electrophysiological signals were then analysed in a similar way to the 402 behavior, by t-tests comparing T2 responses derived from T1+T2 trials to the single-target 403 baseline. In EEG data from the auditory-auditory session ( Figure 6A, left) , findings for both 404 the early negativity and later positivity strongly resembled behavioral data, with a significant 
419
RMS of the MEG signal showed similar results ( Figure 6B ). In the auditory-420 auditory session, response to T2 was significantly reduced, both for SOA 100 (t (17) First, we used fMRI to examine brain regions responsive to targets. Using single 461 auditory and visual targets, we found extensive activity in frontal and parietal regions 462 usually associated with the global workspace. In these regions, furthermore, there was 463 substantial overlap in activity for targets in the two modalities. Such results match previous 464 findings of extensive frontoparietal activity for targets and other behaviorally significant .
467
To examine the attentional blink, we used trials with two successive targets, 468 presented at varying SOA. Now we moved from fMRI to EEG/MEG, exploiting the higher proposed to make up a global neuronal workspace. shown at p<0.05, corrected for multiple comparisons using the false discovery rate (FDR).
667
Responses to auditory and visual targets are shown in blue and red respectively, with 668 overlap in purple. (C) A conjunction analysis, identifying regions that respond significantly 669 to auditory and visual T2-alone trials, confirms the overlap above (purple; p<0.05, FDR). Table 1 . Analysis of event-related potential/field components: Summary of processing 
